We present a detailed determination of the astrophysical parameters of the chromospherically active binary star EI Eridani. Our new radial velocities allow to improve the set of orbital elements and reveal long-term variations of the barycentric velocity. A possible third-body orbit with a period of ≈ 19 years is presented. Absolute parameters are determined in combination with the Hipparcos parallax. EI Eri's inclination angle of the rotational axis is confined to 56.
Introduction
EI Eridani = HD 26337 (G5 IV, P rot = 1.947 days, V = 7.1 mag) is a rapidly rotating (v sin i = 51 km s −1 ) active, noneclipsing, single-lined spectroscopic binary star and as such a typical RS CVn star. RS CVn stars are close but detached binary systems that rotate synchronously due to tidal forces. This anomalously fast rotation is believed to be responsible for the high activity level found on these stars and constitute valuable laboratories to study the evolved Sun in action.
Ca II H and K emission -the classical fingerprint of magnetic activity -on EI Eri was first noted by Bidelman & MacConnell (1973) and confirmed later by Fekel (1980) who classified it as moderate in strength, class C on the qualitative emission scale by Hearnshaw (1979) . Line-profile data of Ca II H and K and Hα emission lines were obtained by Strassmeier et al. (1990) and Fernandez-Figueroa et al. (1994) . Fekel et al. (1982) classified EI Eri as a single-lined RS CVn star when they detected its light variability, with an amplitude being almost 0.
m 2 in V and a photometric and orbital period of around two days. Later, Fekel et al. (1986) determined the orbital period to be 1.
d 9472 while Hall et al. (1987) detected a photometric period of 1.945 ± 0.005 days from U BV photometry. The Hα line is in absorption, as in most RS CVn stars, but highly filled in with chromospheric ⋆ Visiting Astronomer, Kitt Peak National Observatory and National Solar Observatories, National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc. (AURA) under cooperative agreement with the National Science Foundation.
emission (see Smith & Bopp 1982) and quite variable in strength (Fekel et al. 1986; Zboril et al. 2005) . These variations are assumed to be caused by rotational modulation of the chromospheric Hα emission, presumably due to evolving plage regions on the stellar surface moving in and out of sight. Fekel et al. (1987) , Pallavicini et al. (1992) and Randich et al. (1993) reported the presence of moderate amounts of lithium. Hall et al. (1987) already noted season-to-season changes in the photometric period (∼1%), in the light-curve amplitude (0. m 07 -0. m 20) and in the mean brightness (∼10%), likely indicating latitude and/or longitude changes of the location of starspots. Strassmeier et al. (1989) report seasonal changes of the photometric period of 0.043 days within three seasons. Rodono & Cutispoto (1992) suggested a possible cycle period of about 10 years. summarized the first 16 years of photometric data and found a possible 11 ± 1 years cycle of the mean brightness while (Oláh & Strassmeier 2002) refined this to be 12.2 years. Recent observations in other spectral regions were presented by Osten et al. (2002) , García-Sánchez et al. (2003) and Cardini (2005) .
With its large rotational velocity and an intermediate inclination, EI Eri is an ideal candidate for Doppler imaging.
This technique (see Rice 2002) allows the reconstruction of the surface spot distribution of rapidly rotating stars by using the relation between wavelength position across an absorption line and spatial position across the stellar disk. However, the rotational period of 1.947 days makes it difficult to obtain spectral coverage for a complete rotation period, and ideally, when using a single observing site, three weeks of observations are needed to provide good phase coverage for a Doppler image of EI Eridani.
Doppler images for the 1984-87 period were presented by Hatzes & Vogt (1992) . Strassmeier (1990) and Strassmeier et al. (1991) published Doppler images from 1987-88. All images show a large asymmetric spot at the pole or at high latitudes with several appendages and occasionally equatorial spots. The polar spot is long lived but exhibits significant changes of its size and shape, while the equatorial spots change within weeks. Furthermore, Donati et al. (1997) detected a clear Zeeman signature of the magnetic field of the primary star.
In this paper, we present spectroscopic and photometric observations obtained at KPNO and NSO in the years 1988 -1998 and with the MUSICOS 98 campaign, and perform an investigation of the absolute dimensions of EI Eri in order to prepare for a Doppler imaging study. In two forthcoming paper, we will present our Doppler imaging results and address the question of spot lifetimes, long-term cyclic behavior (Washuettl et al. 2009b, hereafter "paper II") and differential rotation (Washuettl et al. 2009a , hereafter "paper III").
Observations and data reduction
All our spectroscopic data were obtained from four observing runs with the Coudé Feed telescope at Kitt Peak (March 1994 , February 1995 , January 1996 , December 1997 , one dedicated visitor observing run at the McMath-Pierce Telescope (NSO) in Nov/Dec. 1996, from the McMath/NSO synoptic program (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) and from the MUSICOS campaign 1998. The observing logs and radial velocities from KPNO and NSO are given in Table A which is available only in electronic form. The MUSICOS 98 spectroscopic data will be presented in a forthcoming dedicated paper. A summary of all observing runs is shown in Table 1 .
Kitt Peak National Observatory (KPNO)
The KPNO data were obtained with the 0.9m Coudé feed telescope. For the 1994 run (March 4 -18; hereafter: "CF94") and the 1995 run (Feb. 22 -March 7; "CF95") we used the 800 × 800 TI-5 CCD chip (15µm pixels), grating A, camera 5, the long collimator and a 280 µm slit giving a resolving power (λ/∆λ) of 36 000 at a wavelength of 6420Å (the FWHM of an unblended Th-Ar comparison lamp line was about 1.7 pixel; dispersion was 0.1Å/px). The useful wavelength range of the resulting spectra is 80Å. For the 1996 run (Jan. 11 -25; "CF96") we used the 1000 × 3000 pixel Ford CCD (F3KB chip, 15µm pixels; two pixels each were binned), with an otherwise identical spectrograph setup. F3KB enables a much larger wavelength region (∼320Å from λ6335 to λ6655) at a spectral dispersion of ≈ 0.104Å per pixel. The resolving power is 24 000 at 6420Å as measured by the FWHM of a Th-Ar line of about 2.6 pixel. An additional observing run primarily dedicated to A typical night of observations includes 20-40 biases, 10-20 flat-field images, and 2-3 integrations of a thoriumargon hollow cathode lamp for establishing the wavelength scale, at least one at the beginning and one at the end of each night, but usually every three hours. Additionally, at least one observation from a choice of four radial velocity standard stars (see Table 2 ) was taken per night. Neither the TI-5 CCD nor the F3KB CCD show discernible signs of fringing at the wavelength of our observations. Consequently, no attempts were made to correct for it other than the standard flat-field division.
Data reduction was done using the NOAO/IRAF software package and followed our standard procedure as described in Weber & Strassmeier (1998) which includes bias subtraction, flat fielding, and optimal aperture extraction. All spectra were checked for narrow telluric water lines. These lines can be blended with Doppler imaging lines and produce misleading artifacts in the surface maps. The spectra of a rapidly rotating (v sin i ≈ 300 km s −1 ) hot B-star revealed these telluric lines and were compared with the spectra of EI Eri. Sporadic telluric water-vapor lines were found in this wavelength region, but fortunately, in most cases no blend of a water line with a Doppler imaging line occurred, and no corrections had to be applied to the line profiles used for further analysis. Special care was exercised during the continuum fitting process. A low-order polynomial was sufficient to find a satisfactory continuum solution. Exposure length was typically 45 minutes but up to 60 minutes in case of thin cirrus.
With this integration time we achieved a signal-to-noise ratio of up to 400:1. 
Table 3
Original and improved orbital elements for EI Eri. The original values are from Strassmeier (1990) except T 0 which is from Fekel et al. (1987) and M 1 from Nordström et al. (2004) . The numbers in brackets denote the error in the last digit(s). 
National Solar Observatory (NSO)
Our NSO data were obtained with the 1.5 m McMath-Pierce solar telescope during a regular visitor observing run covering 70 nights (from November 1, 1996, to January 8, 1997; hereafter: "M96"), as well as from the synoptic nighttime program (Smith & Giampapa 1987 ) from 1988 till 1995. The 58 spectra from the M96 observing run were taken using the 4.6m vertical Czerny-Turner stellar spectrograph (Smith & Jaksha 1984) with the Milton-Roy grating #1 and the 105-mm transfer lens together with the 800×800 TI-4 CCD camera (15µm pixels) at a dispersion of 0.118Å/pixel. The mean FWHM of Thorium-Argon emission lines was around 1.9 pixels, corresponding to a resolving power of ∼29 000. The spectra were generally recorded in a sequence of 3×15 minutes exposures and added up later including cosmic ray removal. The integration time of the combined spectra was between 20 and 60 min. The observations covered a wavelength range of about 45Å from 6410 to 6460 A and included three lines suitable for Doppler imaging: Fe I 6411, Fe I 6430 and Ca I 6439. The average signal-tonoise ratio is ≈150:1. Data reduction was done again using the NOAO/IRAF software package in the same way as for the KPNO coudé feed data. Usually, 20 flat-field exposures with a Tungsten lamp were taken at the beginning and at the end of each night, about three exposures of a Thorium-
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Argon reference lamp and at least one observation of the IAU radial velocity standard star α Ari were taken each night. The 58 spectra in M96 cover together 35.4 consecutive stellar rotations. The other part of the NSO observations were part of the synoptic night-time program at the McMath-Pierce telescope during the years 1988 till 1995. Over the course of these seven years, a total of 225 spectra was acquired. The same 800×800 TI-4 was applied in conjunction with the Milton-Roy (B&L) grating #1 but with a significantly better dispersion of 0.096Å/px and an average FWHM of a comparison lamp emission line of 1.6 px, thus increasing the resolution to R=42 000, giving an effective wavelength resolution of 0.15Å (see Strassmeier et al. 1991) . The signalto-noise ratio of the NSO synoptic spectra reaches in most cases 300:1.
Photometric observations
Photometric data were provided by the Amadeus (T7) 0.75m Vienna-Observatory Automatic Photoelectric Telescope (APT), part of the University of Vienna twin APT, now at Washington Camp in southern Arizona , previously, before summer 1996, on Mt. Hopkins. The observations were made differentially with respect to HD 25852 as the comparison star (V = 7. m 83; since Nov. 8, 1996) and HD 26409 as check star (V = 5. m 448). All photometry was transformed to match the Johnson-Cousins V (RI) C system (see Granzer et al. 2001, §4) . In addition, older photometric observations back to 1980 were used from the literature (see , Table 5 ).
Orbit analysis

Radial velocities and spectroscopic orbit
Radial velocities (RVs) were determined from crosscorrelations with spectra of a radial velocity standard star observed during the same night. Since EI Eri is a singlelined spectroscopic binary, only the RV of the primary component can be measured. No RV information is available for the secondary star. The cross correlations were computed using IRAF's fxcor routine (see Fitzpatrick 1993) , which fits a Gaussian to the cross-correlation function to determine the central shift. Several different IAU standards were used, see Table 2 . Their RVs were adopted from the work of Scarfe et al. (1990) except 59 Ari which is from Wilson (1953) .
Orbital elements were derived with the differentialcorrection program of Barker et al. (1967) , as modified and described by Fekel et al. (1999) . We obtained altogether 354 new RVs for the primary component of EI Eri, 89 of which are from our four dedicated KPNO Coudé Feed observing runs, 58 from the one dedicated visitor observing run at NSO/McMath (M96). Additionally, 178 from the NSO Table 3 . The lower panel gives the residual radial velocities, i.e. the difference between the observed radial velocities and the theoretical curve from the orbital solution. A third body in a wide orbit was taken into account. synoptic night-time program (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) and 29 from the MUSICOS 98 campaign. Additionally, 55 older RVs were found in the literature: 27 from Fekel et al. (1987) , 21 from Strassmeier (1990) , five from Gunn et al. (1996) , and two from Donati et al. (1997) . Fekel & Strassmeier used the RV standards α Tau, β Gem, 10 Tau and ι Psc with the RV values from the older IAU list of RV standard stars (Pearce 1955) . Therefore, they were corrected to match the values by Scarfe et al. (1990) . The values by Gunn et al. (1996) and Donati et al. (1997) were not used for calculating the orbit. Table 3 lists the improved orbital elements from minimized O−C residuals using all available RVs. The orbit is plotted in Fig. 1 . Our final orbital elements converged at an eccentricity so close to zero that, in accordance with the criteria established by Lucy & Sweeney (1971) , a formal zeroeccentricity solution was adopted. The standard error of an observation of unit weight is 3.2 km s −1 . Phases of all line profiles were then computed using our revised ephemeris HJD = 2, 448, 054.7109 + 1.9472324 × E .
(1)
Our revised orbital elements agree very well with the older ones from Fekel et al. (1987) , except for γ (see §3.2). Donati et al. (1997) pointed out that the RVs they measured at two epochs are in strong disagreement with the ephemeris from Strassmeier (1990) . Gunn et al. (1996) also report that their five RVs diverge significantly; they suspect the high rotational velocity to be responsible for the large discrepancies. As a matter of fact, Strassmeier's T 0 value for his or- 
EI Eri -a triple-star system?
By obtaining precise radial velocity measurements, more and more active close binary stars turn out to be members of triple systems, e.g. BY Dra (Zuckerman et al. 1997) , XY UMa (Chochol et al. 1998) , HU Vir (Fekel et al. 1999) , UX Ari (Duemmler & Aarum 2001) . Also for EI Eri, we noticed that the barycentric velocity γ seemed to have increased since the early observations in the 1980s by up to 8 km s −1 in the mid-1990ies. In order to examine whether the system is possibly a triple star, we calculate an orbit for several data subsets just varying the barycentric velocity γ and, for comparison, also the amplitude of the semimajor axis K 1 (Fig. 2) . The γ values of EI Eri vary between 15.7 and 26.7 km s −1 (> 3σ) with an average error of 0.8 km s −1 . It is seen that γ shows an obvious trend over the period of 20 years, which is not the case for K 1 . A possible explanation could be the use of different RV standard stars and the use of different instrumental configurations and reduction techniques. The standards used for measuring the RV shifts for the KPNO, NSO and MUSICOS observing runs are listed in Table 2 . Strassmeier (1990) and Fekel et al. (1987) largely used the same standard stars. For the observing runs by Fekel et al. (1987) , Strassmeier (1990) and our CF97 run, two of the three RV standards used are in common. However, γ differs by 4 km s −1 which is about 10σ. The NSO data, all taken with the same instrumental setup and the same RV standard star (except M96) vary by 9 km s −1 (mean deviation: 2-3 km s −1 ). A cross correlation of all RV standard stars used (NSO, KPNO and MUSICOS) uncovers a mean standard deviation of 0.82 km s −1 for the RV standard stars of the individual observing runs, while the mean RV values of the blocks exhibit a standard deviation of 1.69 km s −1 (2.1 σ). Only the observing blocks CF96 (3.2σ), CF97 (5.6σ) and MUSICOS (3.6σ) deviate more than 2 σ. During the same period, γ varies on average by 7 σ. We conclude that the γ variations are not due to stochastic variations of the RV standard stars (as caused by, e.g., different instrumental setups).
As a test, we take the (observed-minus-computed) RV residuals of the orbit solution of the primarysecondary system presented in Fig. 1 and perform 1984 1986 1988 1990 1992 1994 1996 1998 Orbit: gamma variations 1979 -1998 Fig. 2 Variations of the barycentric velocity γ. The bars in the axis of abscissae (x) denote the time span of the data used for calculating the orbit. The bars in the axis of ordinates (y) are the error bars of the respective γ values. The curve shows two suggestions for tertiary orbits according to the orbital parameter in Table 4 . 1993 1994 1995 1996 1997 1998 1999 RVSS cross correlation CF96 CF97 Fig. 3 Cross correlation of all used radial velocity standard star spectra. The dots are the radial-velocity offsets for all individual RV standard stars (RVSS). The dots with bars are the mean RV value for each observing block (corresponding to the suborbits in Fig. 2) ; the bars in the axis of abscissae (x) denote the time span of the respective observing block, the bars in the axis of ordinates (y) are the standard deviations of the RV values of the respective observing block.
can be explained as the second and third peak 2f 0 and 4f 0 of the 6667d period, the other ones come from the structure of the window function. Of course, this period is very close to the total length of our data sample and therefore uncertain and possibly spurious. Assuming a third component as the origin of these variations, we can calculate an orbit of this potential tertiary star which would be surrounding the inner binary system in a wide orbit with a period of around 20 years and an amplitude K 1−2 of ≈ 4 ± 1 km s −1 , leading to a f (M) of 0.044 ± 0.035 M ⊙ and a a 1−2 sin i of 3.7 ± 1.0 · 10 8 km (Tawww.an-journal.org ble 4, left column; the right column presents an alternative eccentric orbit). All three values shrink in case of non-zero eccentricity. In §4.5, we will discuss the mass of a potential tertiary.
Astrophysical parameters of EI Eri
4.1 Effective temperature Bidelman & MacConnell (1973) classified EI Eri as G5 IV from objective-prism plates. Harlan (1974) classified it as G2 IV-V, while Abt (1986) assumed a "weak-lined" G5 V classification from photometric indices. Cutispoto (1995) finds its UBVRI colors consistent with a G5 IV + G0 V system. The classification of G5 IV is also favored by Fekel et al. (1986) on the basis of high-resolution spectra. The effective temperature of EI Eri can be estimated by comparing the observed U − B, B − V , V − R C and V − I C colours (which are 0. m 67, Flower (1996) lists a temperature of 5653 K. Comparing with ATLAS-9 model atmospheres (Kurucz 1993) 2 , we find our U − B and B − V values to be consistent with a temperature of T eff = 5500 K for metallicities between -0.5 and -1.0 dex which is required by the reconstruction of the line profiles (see paper II). Solar abundances would yield 250 K higher temperature. V − I C and V − R C yield temperatures in-between 5500 and 5750 K. Schmidt-Kaler (1982) lists 5770 K for B − V = 0. m 68 for luminosity class V. Randich et al. (1993) derived a T eff of 5700 K using a spectrum synthesis analysis. Nordström et al. (2004) list an effective temperature of 5408 K (from the calibration of Alonso et al. 1996) . We finally adopt a value of 5500 K which is supported by our Doppler imaging results Washuettl et al. 2001 Washuettl et al. , 2009b .
The above temperatures are formally for the combined EI Eri binary star. However, no spectral lines from the secondary are seen which means that the continuum ratio must be larger than about a factor 10. According to our orbit, M 2 amounts to 0.23 ± 0.04 M ⊙ (see §4.5) which corresponds to a spectral type of M4-5 V and to L 2 ≈ 1-2 · 10 −2 L ⊙ (assuming a dwarf). Compared to the primary (L 1 = 4.6 L ⊙ ), the secondary contributes only 2-4 of the total light and can therefore be neglected for the Doppler imaging study.
Rotational broadening and stellar radius
The projected equatorial velocity, v sin i, was estimated by Fekel et al. (1986) to be 50 ± 3 km s −1 while Hatzes & Vogt (1992) and Donati et al. (1997) to the projected rotational velocity and provides better accuracy than any other method, as it takes into account the line deformation due to spots. Tests with images of the λ6393, λ6411 and λ6439 line using the Doppler imaging codes TEMPMAP and DOTS lead to a value of 51.0 ± 0.5 km s −1 . See paper II of this series.
The minimum stellar radius R sin i = (P rot · v sin i)/50.6 with P rot = P orb = 1.9472324 ± 0.0000038 is 1.963 ± 0.019 R ⊙ .
3 Obviously, EI Eri's primary star is a subgiant rather than a dwarf, ruling out the luminosity class V suggested earlier by Abt (1986) .
Luminosity and radius
The Hipparcos spacecraft measured a trigonometric parallax of 17.80±0.97 milli-arcsec (ESA 1997), corresponding m 20±0.12. According to Flower (1996) , the bolometric correction for a subgiant with a temperature of 5500 ± 100 K is −0.139 ± 0.025. Therefore, the bolometric magnitude is 3. m 061 ± 0.082 (neglecting interstellar absorption as it is a nearby star). As we cannot adopt an external error for the maximum brightness the above error merely reflects the error of the parallax. However, if the brightest visual magnitude is smaller than 6. m 9, it does not affect the error of the stellar radius, but just the radius itself.
Adopting a solar bolometric magnitude of 4. m 72, we get the luminosity L/L ⊙ = 4.60 ± 0.35. Using T eff = 5500 ± 100 K, we obtain a stellar radius of 2.37 ± 0.12 R ⊙ from the Stefan-Boltzmann law (independent of the inclination) and consistent with the value of R/R ⊙ ≥ 1.9 from Fekel et al. (1987) . This radius corresponds to an angular diameter of θ = 0.3921 ± 0.0006 mas, confirming the estimations from Wittkowski et al. (2002) .
Orbital inclination
The analysis by Fekel et al. (1987) suggested an inclination between 15
• ≤ i ≤ 58
• . 4 We derive a primary mass of M 1 = 1.09 ± 0.05 M ⊙ from T eff and the parallax (see §4.5; both values are independent of the inclination). Using the 4 Note that Fekel et al. (1987) accidently used f (M) = 0.041 instead of 0.0041 as listed in their paper. Accordingly, the values in their Table V are wrong. The correct inclination limits using their data values should read 15
observed mass function f (M) = 0.00391 ± 0.00010 (see Table 5 ), we achieve a minimum mass for the secondary (assuming i = 90
• ) of M 2 ≥ 0.184 ± 0.008 M ⊙ . This gives a maximum mass ratio of M 1 /M 2 ≤ 5.91 ± 0.25 and an a sin i ≤ 4.97 ± 0.25 · 10 6 km. Because EI Eri shows no eclipses (i.e., R 1 + R 2 < a cos i), we can use our maximum value for a sin i and the radius R 1 and achieve maximum values for the orbital inclination: i ≤ 70.
• 9 ± 2.
• 0 for R 2 = 0.1 R ⊙ , i ≤ 69.
• 5 ± 1.
• 9 for R 2 = 0.3 R ⊙ , i ≤ 68.
• 1 ± 1.
• 9 for R 2 = 0.5 R ⊙ or i ≤ 66.
• 7±1.
• 9 for R 2 = 0.7 R ⊙ . Using sin i = (P rot ·v sin i)/(50.6 ·R/R ⊙ ) and taking P rot = P orb , we obtain i = 56.0 ± 4.5
• in agreement with any of the above secondary radii. Assuming the orbital and the stellar rotational axis to be perpendicular, we adopt this as our final inclination value. Fekel et al. (1987) estimated 1.4 ≤ M 1 /M ⊙ ≤ 1.8 for the primary and an upper limit for the secondary (for i = 90
Mass and evolutionary status
• ) of 1.0 -1.3 M 1 /M ⊙ . They suggested the secondary to be a late K or early M dwarf (since no evidence for a hot white dwarf companion is seen in the ultraviolet).
With the relatively precise luminosity from §4.3 and the effective temperature from §4.1, we can compare the position of EI Eri's primary in the H-R diagram with theoretical evolutionary tracks. We use the scaled solar models from Pietrinferni et al. (2004) . As argued in paper II, we assume abundances to be around −0.50 dex below solar, corresponding to a metallicity value of Z = 0.006. The closest models by Pietrinferni et al. (2004) have Z = 0.004 and 0.008 and are displayed in Fig. 4 . The former correwww.an-journal.org sponds to a mass of 1.02 M ⊙ and an age of 7.0 Gyr, the latter requires interpolation between the 1.1 and 1.2 solar-mass cases and results in 1.15 M ⊙ and 5.0 Gyr (with overshooting) and 1.16 M ⊙ and 5.6 Gyr (without overshooting).
5 Interpolating both cases results in values of 1.09 ± 0.05 M ⊙ and 6.15 ± 0.50 Gyr. Comparing these results with the findings of Nordström et al. (2004) , we see that mass is in excellent agreement with their value of 1.10 +0.10 −0.12 M ⊙ while age is well within the error bars of 5.5 +1.2 −1.1 Gyr. Demircan et al. (2006) , using old orbital data, give a total mass of 1.18 M ⊙ and an age of 9.16 Gyr.
With the mass function Table 3 ) and i = 56.
• 0 ± 4.
• 5 (see §4.4), the primary mass of 1.09±0.05 M ⊙ requires the mass of the secondary to be 0.228 ± 0.044 M ⊙ corresponding to K 2 = 128 ± 25 km s −1 and a 2 sin i = 3.4 ± 0.7 · 10 6 km. From the combined mass for the binary system (M 1 + M 2 ) of 1.32 ± 0.07 M ⊙ , we can incorporate the mass function for the proposed binary/tertiary system (see §3.2) and repeat the above evaluation in order to estimate the tertiary mass M 3 . A period of 6700 ± 500 days yields (for the circular orbit): M 3 = 0.7 ± 0.6 M ⊙ corresponding to K 3 = 8 ± 7 km s −1 and a 3 sin i = 7 ± 7 · 10 8 km (again for i = 56.
• 5) with a being 9 ± 6 AU (corresponding to an angular separation from the binary of 0.3 arc sec). The large errors are mainly due to the large error in the mass function of the binary-tertiary orbit which itself is mainly due to the large error in K 1−2 = 4 ± 1 km s −1 , the half-amplitude of the barycenter variation. The appropriate values for the eccentric orbit are M 3 = 1.1 ± 1.7 M ⊙ , K 3 = 7 ± 11 km s −1 , a 3 sin i = 6 ± 10 · 10 8 km and a = 9 ± 8 AU.
Roche lobe and gravity
The Roche-lobe radius is determined from the semi-major orbital axis and the mass ratio. Assuming M 1 /M 2 = 4.77 ± 0.05 M ⊙ and a sin i = a 1 sin i + a 2 sin i = 4.145 ± 0.725 · 10 6 km, we can, using the formula from Eggleton (1983) , calculate the Roche-lobe radii R L,1 sin i = 3.08 ± 0.52 R ⊙ and R L,2 sin i = 1.52 ± 0.26 R ⊙ . Using i = 56.
• 5, this translates to R L,1 = 3.71 ± 0.62 R ⊙ and R L,2 = 1.83 ± 0.32 R ⊙ for the primary and the secondary, respectively. This means that the primary fills ≈ 64 ± 12% of its Roche lobe but is still significantly detached from its inner critical equipotential surface. The secondary with assumed R 2 ≈ 0.3 R ⊙ (for a M4-5 V; Schmidt-Kaler 1982) fills just 20% of its Roche lobe. Figure 5 shows a graphical view of the binary system. Shown are the location of the stellar surfaces and the inner and outer critical equipotentials as obtained with the program BinaryMaker (Bradstreet 1993) . O'Neal et al. (1996) list a gravity of log g ≈ 3.8 consistent with log g = 3.75 used by Hackman et al. (1991) . Randich et al. (1993) determined a log g of 4.1 using spectrum synthesis analysis. Gray (1992) lists a log g of 4.46 for a G5 dwarf (V) and 3.3 for a G5 giant (III). Using the mass and radius of the primary from the previous analysis and applying the relation g = GM R −2 , where G is the gravitational constant, we can directly calculate log g to 3.73 ± 0.07, in good agreement with previous claims.
Lithium abundance
Measurements of two spectra in the lithium region (one from CF96 and one from a CFHT observing run in October 1997; see Fig. 6 ) give an equivalent width of 40 ± 5 mÅ in good agreement with the value obtained by Fekel et al. (1987) of 36 mÅ. Comparing this to theoretical curves of growth from Pavlenko & Magazzu (1996) , both LTE and non-LTE, we derive a lithium abundance of log n(Li) = 2.0 for T eff = 5500 K and log g = 3.5-4.5. If the equivalent width is reduced to 25 mÅ to account for the Fe and V blends, the abundance is still log n(Li) = 1.75. Randich et al. (1993) estimate log n(Li) = 1.8 using spectrum synthesis analysis.
Summary
The following results were obtained:
-Improved orbital parameters were determined with HJD = 2,448,054.7109 + 1.9472324 × E, γ = 21.6 km s −1 , K 1 = 26.8 km s −1 . The barycenter velocity γ exhibits variations of about 8 km s −1 that are possibly cyclic. We interpret these variations due to a third stellar component and suggest a possible orbital solutions for the tertiary with a period of around 6700 days (19 years) and an amplitude of 4 -6 km s −1 . An instrumental origin cannot be definitely ruled out. However, a thorough investigation of the orbit solutions of the individual observing runs and their radial velocity standard stars confirmed its reality in our data. The proposed period is also supported by the smaller O-C radial velocity residuals. The third component would thereby surround the known binary system in a wide orbit. Corresponding values for the tertiary mass and the orbital parameters of the binary-tertiary system are quoted (Tab 4). However, its plausibility cannot be asserted unless a recurrence is observed or higher-quality RV measurements are available.
-From the Hipparcos parallax, we obtain a luminosity of 4.60 ± 0.35 L ⊙ and a radius of 2.37 ± 0.12 R ⊙ , independent from the inclination. -With our new parameters and by using evolutionary tracks from Pietrinferni et al. (2004) , we locate the position of the primary in the HR diagram and determine its mass to 1.09 ± 0.05 M ⊙ and an age of 6.15 ± 0.50 Gyr. -The inclination is found to be i = 56.0 ± 4.5
• . -Using the observed mass function of the inner binary and assuming i orb ≡ i * , we derive the mass of the unseen secondary: M 2 = 0.23 ± 0.04 M ⊙ corresponding to an absolute magnitude of M V ≈ 12 ± 1 (Baraffe et al. 1998 
